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CORRELATION BETWEEN TECTONIC LINEAMENTS
AND PERMEABILITY VALUES OF CRYSTALLINE BEDROCK
IN THE GIDEA AREA

1. BACKGROUND

The geological preinvestigations constitutes an important part
of the activities in finding potential sites for repositories of
spent nuclear fuel. The localization of the underground caverns
are mainly dependent on good stability of the bedrock, low
groundwater turnover, high sorptivity capacity for nuclides and

stable geological conditions.

An investigation programme, consisting of geological, hydrogeo-
logical and geophysical methods are used for the site charac-
terization in order to clarify the mentioned conditions (Ahlbom,
Carlsson, Olsson, 1983). Arocund 10 sites will be investigated

before the final choice of repository location.

The occurence of groundwater in fissures and fractures of the
bedrock is very essential in the investigations. The hydraulic
conductivity is evaluated at different depths in the exploration
boreholes. Afterwards, the tectonic interpretation within every
site, governs the calculations of the natural groundwater flow

pattern,

It is impossible to exactly verify the hydraulic conditions in
three dimensions even if a large amount of conductivity measure-
ments are carried out. A generalization has to be made by a
statistical approach. Different studies have shown that the
specific capacity of wells, transmissivity and packer test data

(injection tests) are from a statistically point of view



lognormally distributed. (Freeze 1975; Dagan, 1979 and 1981,
Warren & Root, 18961, Carlsson, Winberg, Grundfelt, 1983;
Gustafson, Aberg, 1985.)

Experiences from several areas in Scandinavia have shown that a
tectonic modell can be used where the earth crust has been brok-
en into a fairly regular rhombic block-like pattern (Ericsson,
Johansson, 1984; Gustafson, Liedholm, 1984; Nilsson, Ronge,
1985a; Nilseon, Ronge 1885b; Lundgren et al 1985; Lindberg et al
1985; Bolvede et al, 1983), The crust can be considered as being
a rigid plate that is overlying a plastic basement. (See Figure
1.1.) Assuming that the greatest principal stress can change
its orientation because of the continental drift, one can expect
that tension fractures can appear in both the diagonals of the
rhomb (Gustafson,b1985; VIAK 1984). The tectonic model is pre-

sented in chapter 3.

%

Figure 1.1 1f the Mohr-Coulomb failure envelope is applied
within a large plate the result will be a rhombic
block-line pattern with the longest diagonal
parallel to the greatest principal stress orienta-
tion. @ = angle of internal friction,GJl and(Té =

greatest and least principal stress.



In an area where there exist a lot of information regarding spe-
cific yield in wells (discharge capacity per unit of drawdown)
or, where a lot of injection tests have been made, it is possib-
le to study the correlation between the described tectonic model
and the permeability. Such a study need a careful interpreta-
tion of lineaments. This makes it possible to classify the per-
meability values belonging to shear fractures, tension fractures
and undeformed blocks. The manner above has been applied to the
Gidea region of Sweden (see figures 1.2, 1.3). A methodology
study has been carried out. Permeability values derived from
the well archives of the Swedish Geological Survey (SGU) and

from former injection tests within the Gided study site.(See

Appendix 1 and 3)
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Figure 1.2 Gidea is situated about 500 km north of Stockholm
(From Carlsson, Winberg, Grundfelt, 1883)
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Figure 1.3 Gided study site. Former investigated area
by SGAB.

Giss jo hydropower tunnel.
Scale 1:50 000



2. GEOLOGICAL CONDITIONS

The Gided site lies within an rock segquence belonging to the
Sveko Karelian orogeny. The bedrock evolution of the region can

briefly be described as follows according to Lundgvist, (1985).

The primary rocks in this orogeny were sedimentary rocks of grey
wacke composition, which were intruded by a segquence of magmatic
rocks ranging from gabbro to granite in composition, the so
called primorogenic intrusions. These intrusions also created a
folding of the sedimentary sequences together with contact-
metamorphic alteration in the vicinity of the intrusions. Due
to heat transfer from the magmatic activity all rock types in-
volved were at a later stage altered by regional metamorphism

together with further folding.

This metamorphic event created lineation and foliation in the
magmatic rocks and a change in mineral composition of the grey-
wacke sequence together with a size of growth in the minerals.
In many cases metamorphic differentiation took place giving
heavily folded veined gneisses and even to a certain extent
migmatites. These migmatites have a granitic composition of the
neosome i.e. partial melting of quartz, feldspars and they also
have relicts of more mica rich parts of the gneiss still remain-

ing i.e. paleosome,.

Regionally the metamorphism led to a complete melting of the
greywacke sequence giving a second generation of anatectic
massive granites the so called Harndgranites and in some areas

pegmatites.

After this period of formation the region around Ornskdldsvik
was intruded by a third generation of granites not belonging to
the Sveko Karelian orogeny itself, the Revsund granite forma-
tion. After this period the magmatic activity ceased for several

hundred million years.



During this calm period the deeper parts of the earth crust
where the metamorphic and intrusive action had taken place
turned over from more plastic to a brittle stage giving raise

to the formations of new fracture sets.

Because of this fracturing a new period of magmatic activity
took place giving swarms of dolerite dykes in an east-westerly
direction. These dykes followed tensional joint sets upwards
which are more or less vertical. In the coastal area from Husum
and southwards there is a slightly older generation of dolerites
following more or less horizontal joints i.e. Ulvodolerites. As
mentioned before this is a very brief summary of the geological
events and there are in the southern part of this region other
events comprising both sedimentary and magmatic rocks which have
not been considered since they do not have an impact on the bed-

rock geology of the Gitea site.

2.1 Bedrock geology at the Gidea site

The Gided site area is dominated by rocks originating from the
primary greywacke segquence. These rocks varies from well pre-
served metagreywackes with sedimentary structures still visible
via sedimentary gneisses, veined gneisses to mig- matites. The
latter rock types are predominant. In some areas the frequency
of pegmatites is quite high. Dolerites appearing in the area are
very narrow dykes in an east-westerly direction with a vertical
dip. The foliation of the dominating veined gneisses are
north-easterly with the dips around 40-50° towards both
northwest and southeast due to the folding of the rocks. In the
northern part of the investigated area (Drawing 1, Appendix 4),
there is a tendency of more east-west strikes of the foliations

and a dip around 40° towards south.



Towards the south eastern corner of the investigation area the
foliation is in a more northern direction due to heavy folding.

Dips in this area are towards north between 40-70°.



3. BRITTLE TECTONIC MODEL

Experiences from a large number of studies (Gustafson et al
1984, Nilsson, Ronge 1985a and 1985b; VIAK 1984) dealing with
ground water surveys in crystalline rocks, underground storages
and mining operations have given a model for the relationship
between different fracture sets and their impact on groundwater
flow. The model has been proved to be a versatile tool for cal-
culation of the groundwater flow parameters and to determine
main groundwater flow directions in both crystalline and sedi-

mentary fractured rocks.

The model is based upon statistical analyses of a large amount
of fracture measurements and there is a need for about 2000
fractures per kmZ2 in order to get a good statistical background.
This value depends on experiences from the projects performed in
the mines of Kiruna, Grangesberg and Yxsjoberg (Lindberg et al
1985, Bolvede et al 1983). It has been shown that less than 1000
fractures per km2 will give difficulties in the interpretation
work since the randomly ordered fractures still influence the

results.

3.1 Description of the fracture model

The earth crust has as mentioned before, turned over from a
plastic stage were the metamorphic processes took place, into a
brittle stage were the forces acting on the crust, due to
continental movement, can create a brittle fracturing system of
joints. When forces are acting upon a block of brittle crust,
as seen in fig 3.1, the block will be broken up by a horizontal

force along both vertical and inclined joints, fractures.

In fig 3.1.B the block is broken up by two sets of vertical

shear fractures and a tensional joint set. This gives a vertical
rhombic to square shaped shear fracture pattern depending on the
rock-mechanical properties. Gneisses tend to have a more rhom-

bic and granites a more square shaped fracture pattern.
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Simultaneously with the fracturing in fig 3.1.B there will be
inclined shear fractures, as shown in fig 3.1.C, forming =&
“horizontal" rhomb together with a tensional joint set which is

horizontal.

If one put all shear fracture sets together, i.e. vertical and
inclined, they will intersect the block giving a bipyramidal

polyedron, (see fig 3.1.D).

Since the horizontal forces within the earth crust change direc-
tion during the geological time a force acting more or less per-
pendicular (+/-6°9) to the primary one in fig 3.1.B and 3.1.C
will divide the bipyramidal polyedron along the plane between
the pyramids. This means a new tensional direction is formed in

the original vertical rhomb.

Since the rock mass is already fractured the acting force in fig
3.1.D will not create a new set of inclined shearse fractures in
each unit block. However, if a larger area is studied, traces
of a "horizontal" rhomb can be found as demonstrated in fig

3.1.E.

The firat steps in de evolution of this model comprised only the
sets of vertical shear fractures and the two tensional vertical
sets (Gustafson, Ronge, 1981). The blocks formed by the shear
fractures has shown to be between 500-800 m in length of each
side. Within the blocks itself, the shear fractures directions

are found but only for shorter distances.

The second phase of the evolution of this model was established
during studies of underground storages facilities and mining
operations where it was possible to measure large amounts of in-
clined fractures which could be statistically treated. These

studies has given the final pieces in the framework.
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3.2 Presentation of fracture data

There are several ways of presenting fracture data in diagrams.
One can use plots on Schmidt stereographic nets or rose

diagrams.

In this report we have chosen to present the fracture
measurements in rose diagrams (Drawing 2, Appendix 4) and so
called "finger" diagrams. The latter diagram is based upon
weighted mean values giving a fracture frequency diagram that
has proven to be an exellent tool when orientating underground

caverns,

In the "finger diagrams" the different fracture sets, essential
for the underground construction, can be separated i.e. frac-
tures dipping 70-90° in one group and inclined in an other

group.

The "finger diagrams" is shown in fig 3.3.A and .B.

Main water bearing j Cavern direction
direction
Amount of fractures

l Shear Shear weighted mean value

Foliation
fractures

ns .
Tension Tension

. Noise level

Fig 3.3.A Tentative diagrams showing fractures dipping »>70°
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Fig 3.3.B Tentative diagram showing fractures dipping 30-70°

If one gets approximately 2 000 fractures from each sqgquare
kilometer a diagram can be produced showing the vertical
fractures i.e. dip > 70° as in fig 3.3.A. Usually there will
be four "fingers" or peaks in such a diagram but in areas with
foliated rocke a fifth finger will appear due to foliation
fractures. In some cases these feoliation fractures can fade

out one or two brittle fracture peaks.

As shear fractures are more common the two peaks will often be
two to four times higher than tensional fracture peaks. If very
few fractures are measured the peaks will be smoothened out and
in some cases disappear. Due to foliation the distribution of
strike directions of the fractures combined with few measure-
mente will not give any dietinct peaks at all,. In that case it
is difficult to reach above the "noise level” with few scattered

fractures.
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However, with a sufficient amount of fractures the peaks in the
"finger diagram" have proven to fit very close to lineaments

drawn from aerial photos or from geophysical investigations.

Since the finger diagrams for dips 30-70°, fig 3.3.B only give
an indication on strike directions this information must be
supplemented with rose diagrams showing the dips in each peak

sector (see fig 3.4).

90°

Fig 3.4 Tentative rose diagram showing distribtion of dips

within a peak sector strike N20OW-N5°E, from fig 3.3.B

As shown in fig 3.1 there is also a set of more or less horizon-
tal fractures dipping less than 20° in the horisontal rhomb.
These fractures are the tensional fractures to the rhomb and are
very scarcely occuring in the bedrock outcrops. In very deep
mining shafts they occur in swarme at certain levels. This is
gquite natural if one look at a unit rhomb with a side of 800 m.
The horizsontal tensional fracture sets ought to be repeated
roughly every 500 to 1 100 m downwards, depending on the dip of
the inclined shearzones. (In this case dipping in the range

between 30° and 60°.)
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4. RESULT OF FRACTURE MEASURING

The Gided study site has been extended in comparison with the
area in the SGAB reports which cover 2 x 3 km. This extension,
5 x 5 km, has been done in order to get a better picture of the
fracture pattern and to get a larger amount of fractures that

could be used for statistical analysis.

The fracture measurements have been done in two different steps.
The first step is covering fractures measured on outcroups
within the 5 x 5 km area. (See Drawing 1, Appendix 4.) All
together these measurements gave 13 483 fracture determinations
over an area of 25 km? i.e. 540 fractures/km?2, Considering the
large coverage of overburden in the area this amount must be
satisfactory. Since fracture measurements of flat lying out-
crops give an overrepresentation of vertical to steep fractures
a second step of measurements have been performed in a tunnel
system under construction from lake Gissjon along the river
Gidealv. This second step comprises 4194 fracture determina-

tions.

4.1 Fracture mapping of outcrops

In order to evaluate the different fracture sets, mapped in the
outcrops within the 5 x 5 km area, one has to reduce the measure
ments with fractures coinciding with the foliation. As shown in
fig 4.1 the foliation fractures has a maximum around N 50 O9E +/
/-30° which means that any other fracture set direction within

this sector will be extincted or distorted.
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Figure 4.1 Foliation fractures and fractures deviating
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Figure 4.2 Total amount of fractures dipping 70©9-90°

No reduction for foliation fractures



16

In fig 4.2 all fractures dipping more than 70° have been plotted
without reduction. In these diagrams three peaks can be
distinguished E-W, N 60 °W, N-S. There is a very small peak in
N 309 E but it is within the foliation fracture direction and is
therefore extincted. After reduction the diagrams change very
little as seen in fig 4.3 and the N 30 ©E direction is still
effected by the foliation fracture sets. Looking at fracture
sets inclined 0-65° the amount of measured fractures is 354
which is a to small amount to give a good prognosis. In figure
4.4 the diagrams for 0-65° dip are shown and it is possible to

recognize several different peaks.

N

12244 Fractures

829 Fractures correspond to radius Proposed storage
tunnel direction

OpffE’L//”O/;inon 2

N-S

E-W

N30E

—

N 90w 0 N9OE
12244 Fractures

585 Fractures correspond to maximum peak

Figure 4.3 Total amount of fractures dipping 70°-90° reduced

by fractures parallell to the foliation
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354 Fractures
2S5 Fractures correspond to radius

o NSW

N85 W . .
\/\j N2 W N1SE NSOE N8SE

NIOW it N9SOE

354 Fractures
15 Fractures correspond to maximum peak

Figure 4.4 Total amount of inclined fractures (0°-659)

As seen on Drawing 2 (Appendix 4), where the rose diagrams for
each square kilometer are plotted, there is a difference between
these diagrams within 5 x 5 km area. These differences is
depending on the monitoring of the fractures due to the
foliation in the veined gneisses. If the 5 x 5 km area 1is
divided in four equal parts, the fractures in each part can be
compiled in diagrame. The result is shown in fig 4.5, 4.6, 4.7
and 4.8. Of these diagrams, fig 4.6 and 4.7 show the most by
foliation undisturbed fracture pattern dipping more than 70°.
From these figures it is evident that there exist four peaks
E-W, N 60 °W, N-S and N 30 ©E in the north east and south west
guarters. In the north western quarter the N-S and E-W fracture

sete are dominating.
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Inv. area
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Figure 4.5 Northwest quadrangle, 70°-90° dip.

Reduced by foliation fractures
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Figure 4.6 Northeast quadrangle, 70°9-390° dip.

Reduced by foliation fractures
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Figure 4.7 Southwest gquadrangle, 70°-90° dip.

Reduced by foliation fractures
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Figure 4.8 Southeast quadrangle, 70°-80° dip

Reduced by foliation fractures
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Comparing the results given by the diagrams fig 4.6 and 4.7 and
interpretation of regional and local lineament directions there
is an extremely good fit between fracture maximum peaks (dip

»70°) and the lineament directions.

It is therefore possible to define four essential directions

E-W, N 680 °W, N-S and N 30 ©°E as being lineament fracture mean

directions. Of these directions the E-W and N~S are the ten-
sional. The other two directions N 60 °W and N 30 ©E are shear
directions. The base for this point of view is among other

things, earlier experience, the presence of the dolerite dvkes
in the E-W direction, and that the N 60 °W direction is
the major direction more or less for the large vallys from the

Kaledonian mountains range down to the Gulf of Bothnia.

4.2 Fractures mapped in Gissjo hydropower tunnel

In the tunnel area it was possible to distinguish the same four
main directions as mentioned above (see Drawing 3, Appendix 4).
In order to show the dip of the fractures belonging to these
four sets, a modified rose diagram has been made. As seen 1in
Drawing 4 (Appendix 4) the central diagram is an ordinary rose
diagram showing the strike of the four main directions. Each
direction covers a sector of approximately 30°. The dips of the
fractures belonging to the sector have been plotted. It is
evident that in the N-S tensional sector the vertical fractures
are outstanding compared to the inclined ones. An enlargement
hae been done around the origopoint and the result shows that
there are inclined fracture sets differing 20° from the

vertical line which is gquite normal.

The East-West tensional direction is connected to a more
dominant set of inclined fractures according to the earlier

described model.
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The directions N60 °W and N30 ©°E show tendencies of inclined
fractures around a dip of 40-60° which in most cases could be

explained by foliation fractures which have been opened by the

blasting in the tunnel.

Tunnel mean direction

Foliation peak
N30° W

(““\\\\\\\\\\\\\\\\\\\““..___

N70°W
N\Z
2092 Fractures
274 Fractures correspond toradius
N-S
. Foliation -
E-W fractures E-W
N70°W
NSOW 0 N9OE
2092 Fractures
179 Fractures correspond to maximum peak
Figure 4.9 Fracture measurements in the Gissjo hydropower

tunnel. Dip 70-90°
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Looking at the distribution of vertical fractures in the diffe-
rent sectors it is obvious that the tensional sets E-W respecti-
vely N-S are dominant over the shear directions.

Comparing the two tensional sets the N-S direction dominantes

over the E-W at a ratio of approximately 4:1.

The shear sets are more or less equally distributed perhaps with
a more dominating direction in N60 °W when taking into account
the tunneldirection, see fig 4.9 and 4.10. The tunneldirection
lies more or less perpendicular to the N30 ©E direction, which
should mean that this direction ought to be more dominant with
more fractures cutting the tunnel. The N60 ©°W sector is more or
less parallel to the tunnel direction and as seen in Drawing 4
the amount of fractures in this sector is higher. This can be
explained, on the other hand, by the fact that the lineaments in
N60 ©°W, giving the direction of the Gissjo lake, and partly the
river Gidealven, are in the tunnel area outnumbering all other
shear directions. This means when a site is positioned close to
a major fault line (lineament) this fracture set direction will
cutnumber all other directions of fracture sets present. Looking
at the Gided area it is possible to differ between larger and
smaller faultzones. The larger ones are parallel to the major
rivers in the area such as Gided8lven, Flisbacken, Saluan, Husan
etc., These rivers are either following an approximately N60 ©Ow
or & N-S direction. Only at a few positions the N30 °©E direc-
tion is visible. The E-W direction is further more scarce than

the N30 ©E direction.

For the evaluation of the hydraulic properties within the Gidea
area the following strikes and dip should be used (see Drawing

5):

N60°W +/- 15° dip vertical (shear)
N30PE +/- 15° dip vertical to 70°NW (shear)
N-S +/- 15° dip vertical (tension)

E-W +/- 150 dip vertical to 70°N (tension)

o W N -
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Tunnel digection

2102 Fractures
123 Fractures correspond to radius

N9O W 0 N9QE
2102 Fractures

88 Fractures correspond to maximum peak

Fig 4.10 Fracture measurements in the Gissjo hydropower

tunnel. Dip 0-~-65°
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4.3 Magnetic and Slingram anomalies

SGAB has produced two anomaly maps over the Gidea site, one

“glingram 18kHz" and one magnetic-total intensity.

From the magnetic anomaly map it is possible to distinguish the
east-westerly dolerites which coincide with the lineament direc-
tions found. Except dolerites there are other high magnetic
areas in this east-westerly direction, It is also possible to
fit both N60°W and N30°E lineament directions to magnetic higher

areas or zones (see Drawing 6).

By using the "slingram 18kHz" anomaly map {Drawing 5) there 1is
gquite good fit to lineaments found in the area. There is a good
fit to both shear and tensional directions. The more prominent
directions are the tensional ones in N-S and E-W. Of the shear

directions the N60°PW is dominant compared with the N30CE.
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5. GENERAL HYDROGEOLOGICAL ASPECTS ON TECTONICS

Former investigations have shown a significant higher median
specific capicity for drilled wells in or near tension fractures
compared to wells in or near shear fractures and compared to
wells in undeformed parts of bedrock blocks (Ericsson, Johans-
son, 1984). Tension fractures represent in other words the most
important water bearing zones in bedrock. However, the shear
zones constitute the most conspicuous lineaments in the land-
scape and they are comparatively easy to observe. In hydro-
geological investigations it is therefore essential to make a
proper methodic surveying of fissures, fractures and foliation

in the bedrock.

As some groups of fractures conduct water better than others it
implies that crystalline bedrock in most cases represents an
anisotropic medium. This results in elliptical drawdown cones
in the bedrock in case of a discharge from a well or in case of
a leakage to a cavern. The major axis of the ellipse ig parallel
to one of the two tensional directions. This can also be connec-
ted to the stress situation in the rock. Due to the existing
force, one set of tension fractures will be open and the other
will be more closed. Experiences from the construction of the
heat storage cavern at Lyckebo, Uppsala, showed an elliptical
drawdown cone in the surrounding bedrock. The major axis of the
ellipse was parallel to the greatest principal stress parallel
to the most water conducting tension fractures (Gustafson,

Liedholm, 1984).
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6. EVALUATION OF HYDRAULIC DATA

6.1 Hydraulic conductivity in boreholes at the

Gidea site

In Gidea 11 coredrillings have been used for water injection

tests. In total 288 sections of 25 m have been evaluated. The
sections were sealed off by rubber packers. Futhermore, some
investigations have been performed on 5 and 10 m sections. A

description of the transient tests as well as the evaluation
methods are presented by Carlsson, Winberg, Grundfelt (1983).
(See Appendix 3)

6.2 Specific capacity from SGU Well archives

At the well archives of SGU, discharge capacities (Q) are
registered for thousands of wells which are drilled in crystal-
line bedrock. Usually the borehole depths (dyy) and the static
groundwater levels (dy) of the wells are also registered. The
estimation of the discharge capacity is made by emptying the
boreholes by air-1lift pumping. After that, the drillers record
the rate of the water level rise in the hole. For short reco-

very periods the specific capacity (Q/sy) can be derived from

Q/8yy = Q/(dy - dg? (s = drawdown)

If the skin effects are neglected it can be shown that a genera-
lized value for the transmissivity, T, in the surroundings of a
borehole is T =1,4 - (Q/sy). (See Gustafson 1985.) This means
that an approximately value of the transmissivity can be estima-
ted by help of the data from the well archives. The advantage
of the archives data is the large amount of values which can be
statistically treated and not the accurancy of the single well

egtimated value.
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Discharge capacities from wells within the topographic maps 19J
NwW, 19J NE, 20J SW, 20J SE, have been statistically treated in
this study. The drawdown, s, caused by the air-lift pumping,
is assumed to be egual to the borehole depth. I.e. the distances
from the surface to the groundwater levels is considered to be

neglected compared to the total depths of the boreholes.
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7. REGIONAL CORRELATION BETWEEN ROCKS, TECTONIC LINEAMENTS
AND SPECIFIC CAPACITY OF WELLS

A tectonic model has been constructed by help of the fracture
surveying, the existing geophysical investigations and the topo-
graphical conditions. The model covers the topographic maps 19J
NW, 19J NE, 20J SW and 20J SE. Within these maps 163 wells are
registered (1/7 1985) at the SGU well archives.(See appendix 1.)

At the well archives there are data of wells which are more or
less professionally preinvestigated and sited. Most wells are
drilled before 1980, when the VLF-techniqgue was not so very

common. In the statistical approach the well data are treated
as being random samples of the populations (rock type, tectonic

family).

Statistical analysis has been made according to the tectonic
lineaments and type of rock. Separate maps in scale 1:50.000,
with plotted wells have been delivered from the SGU. The tec-—
tonic intepretation has been implemented on topographic maps,
also in scale 1:50.000. If a center of a well mark on a map has
been situated within a distance of approx. 100 m (2 mm on map)
from an interpretated tectonic lineament, the well has been
regarded as corresponding to the interpretated tectonic “"family"”
respectively. The interpretated tectonical environment of the
wells and the corresponding rock type is shown in appendix 1.

It was earlier mentioned that features like the specific
capacity can be considered as lognormally distributed. This
meane that the relative frequences of the individual objects
tend to be concentrated towards low values and that high values
are scarce. If the specific capacities are made in a logarith-
mic form they will form a straight line on a normal probability
vaper if the sample is undisturbed by limits in measuring
ranges. The plotting position is used according to the Samsioe-

-Kivisild formula.
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Wells which are situated in so0il, and bedrock wells without any
discharge estimation have been excluded in the statistical ana-

lysis. In total they are 17,

Table 7.1 presents the different samples, the determined geo-
metric mean X (ideal = median value) and the estimate of the

A
standard deviation regarded as logUl= log s\n/¢(n - 1).

The 90%, 95% and 99% confidence intervals for the geometric
mean values of the populations are also presented in the table.
The diagrams in appendix 2 show the adjusted lognormal distribu-

tions.

The standard deviations of all the populations are unknown. In
cases where the amount of wells don‘t exceed 30 the confidence
intervals for the geometric means have been determined by using

the t distribution.

It may be considered that the values of the specific capacity
represent the conductivity from surface down to a depth of
150 m.

From Table 7.1 it can be noticed that the deviation within the

la)
samples, logG’, is large.

Regarding the tectonic conditions, the sample of tension frac-
tures plus the crosspoints have a mean of 28,2 1/h, m. This is
about 3 times higher than those of the shear zones and the
undisturbed blocks. The confidence intervals also confirm that
the tension fractures generally seen have a higher conductivity

than the shear zones and the undeformed parts of the blocks.

Among the rocks the dolerite, laccolith form and not dikes,
shows the lowest conductivity. From a regional point of view
the migmatite and sediment gneisses have in average the same

conductivity as the granites (old and young).
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The Gidea area is situated about 30 km from the shoreline of the

Gulf of Bothnia.

wells

NwW + 20S

SwW)

I1f one compares the more coastal
(19J NE + 20J SE) to those in the west of the region (18J
it is found that the

is higher at the coast

(17,0 1/h,

The reason for this result is the

activity along the north-southern

"migmatite”

specific capacity in average

m)

than inland (10,5 1/h,m).

more intensive tectonic

fracture planes in the coastal

area.

TABLE 7.1 Results of statistical analysis concerning specific
capacity values (litres/hour, meter) of bedrock well.
Correlation to tectonics and rock types

Sample Number Geom Confidence interval for Estimate

of wells mean geometric mean of stand
dev
- Fa)
n X 90% 95% 99% 10gT”

Total 146 12,9 10,5-15,9 10,2-16,2 9,3-17,8 0,63

Tens +

Crossp. 45 28,2 20,9-38,0 19,5-40,7 17,4-45,7 0,51

Shear 38 7,2 4,8-11,0 4,4-12,0 3,7-14,1 0,865

Block 63 10,5 7,8-14,1 7,4-14,8 6,5-17,0 0,61

Dolerite 14 5,5 2,8-11,0 2,4-12,6 1,7-17,4 0,59

Y.granite 17 15,5 10,2-23,4 9,6-25,1 8,1-29,5 0,41

Migmatite 98 14,1 11,0-18,2 10,2-19,5 9,3-21,4 0,68

O.granite 9 10,5 3,8-28,9 3,0-36,3 1,7-63,1 0,64

Granites 26 13,5 g,1-20,0 8,3-21,9 7,1-25,7 0,50

Migm east 64 17,0 12,0-24,0 11,2-25,7 9,8-29,5 0,72

Migm west 33 10,5 7,1-15,5 6,5-17,0 5,5-20,0 0,58
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8. CORRELATION BETWEEN TECTONIC LINEAMENTS AND
HYDRAULIC CONDUCTIVITY AT THE GIDEA SITE

A tectonic model has been constructed by help of the fracture

surveying, the slingram anomalies, the magnetic anomalies and

the topographical conditions. The model covers an area of 6
square kilometres (Scale 1:5 000). Within this area core
drillings and percussion drillings have been made. In 11 of the

core drillings 289 injection tests have been performed in 25 m

sealed off sections. (See Drawing 5, Appendix 4.)

Statistical analysis have been made according to the tectonic
lineaments. It is considered that the vertical lineaments found
in the tectonic interpretation are most essential with respect
to the water bearing conditions. The conductivity values have
been graphically classified into four samples. (See Drawing 5)

The values are belonging to:

Tension fractures N-S§ Ti

Tension fractures E-W T2 (and dolerite dikes)
Shear fractures

Undeformed parts of the blocks

(In the following called, Blocks)

Further on, these values have been distributed into three depth

categories. Fractures belonging to dephts at:
0 - 50nm
50 - 2000 m
>200 m

The conductivity data and the classification are presented in

Appendix 3.

As mentioned before, the conductivity values in logaritmic

form, will result in a straight line if they are plotted in
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a normal probability paper. The plotting position is used
according to the Samsioe-Kivisild formula. The number of values

differ a lot within the samples:

0-50 m 50-200 m 2200 m Total

Tension 1 1 7 18 26
Tension 2 1 6 28 35
Shear zones i 4 10 15
Blocks 14 58 141 213

Due to low hydraulic conductivity a lot of data show results
below the performance boundary of the measuring equipment.
The only way to compare the different data is to graphically
determine the characteristic parameters from a plot in a

probability paper. (Gustafson, Liedholm, 1885)

From the storage point of view it is most interesting to analyse
the conditions at dephts more than 200 m. Figure 8.1 shows the
adjusted lognormal distributions. Table 8.1 presents the
graphically determined mean value X and the estimate of the
standard deviation regarded as 1030'=log sVin/n-1). The 90%, 95%
and 99% confidence intervals for the geometric mean values of

the populations are also presented in the table.

TABLE 8.1 Results of statistical analysis concerning hydraulic conductivity values (m/s)

at depths >200 m. Correlation to tectonics at the Gided site

Sample Number Geom Confidence interval for geometric Estimate
of values mean mean of stand-dev
- ’~
n X 90% 95% 99% log @

Tens 1 18 1,4-10010 2,6-10712-7,5-107] 1,8-10712-1,1-10700 8,4-10713-2,3.107)% 1,8

Tens 2 28 7,0-10_,5 1,7-10_13~2,8:1077, 1,3.10_;3-3,8:1073) 7,3-1071:-6,7-10_7, 1,9

Shear 10 8,0-10_11 7,5‘10_11—8,3'10_11 4,4-10_.”-1,5-10__11 1,2'10_12-—5,2‘10_10 1,7

Blocks 141 2,9-10 1,3-10 " '-6,5-10 1,1-10 7,5+10 8,110 "“-1,0:10 2,5
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The standard deviations of all the populations are unknown.
In cases where the number of values don’t exceed 30 the con-
fidence intervals for the geometric means have been deter-

mined by using the t distribution.

From Table 8.1 it can be noticed that the largest deviation
ig found in the "Block sample”. That is logic because of the

heterogeneity of this tectonic element.

Regarding the tectonic condition, the East-Westerly fractures,
sample Tension 2, show a mean value that is much higher than the
other samples. The shearzones give the lowest sample mean
value. The confidence intervals also confirm that the E-W
tensional fractures generally seen have a higher conductivity
compared to the N-S tensional fractures, the shear fractures

and the undeformed parts of the blocks.

If one studies the fractures from 50 m below surface and down-
wards a statistical analvsis still gives the same resulting
trends. This confirms that the east-westerly tension fractures

are the best water bearing zones.

In the previous chapter 7, specific capacity values from bedrock
wells were analyzed. These values correspond to the conductivi-
ty down to about 150 m. Most of the wells are situated in mig-
matite and sedimentary gneiss. The geometric mean of the 63
“Block wells" was determined to 10,5 1/h,m. This value corre-
sponds to a hydraulic conductivity of K(p=0,5>=2,7 - 108

m/s (depth = 150 m),

Concerning the injection tests a statistical analysis of all

72 “Block values" from surface down to 200 m give K(p=0,5) =
=1,1 . 10-8 m/s. Most of the tests have been carried out 1in
migmatite. For the more shallow conductivity estimations

there is in this case, in other words a rather good agreement
between the mean values from the SGU well archives and the in-

jection tests.
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The hydraulic conductivity decreases versus depth for all
studied samples. The decrease of values is not continuous.
Because of the heterogenity there are great local variations.

In figure 8.2 is for instance shown the mean conductivity of the
three "“"Block"” categories together with the depth intervals. The
other samples have been fitted to an exponential function K(z)=

= a.e"PZ (see figure 8.3.) The regression curves are:

Tension fractures N-S X = 1,2 - 10-6- e—0,02-z ; R=-0,74
Tension fractures E-W K = 5,8 - ‘]0_8- e_0’007.z ; R=-0,38
Shear fractures K = 3,4. 10_9- e—0,009-z ; R=-0,63

HYDRAULIC CONDUCTIVITY -LOG K
14 13 12 11 10 9 8 7 6

100 F ég .
200 T [ 1‘ 1
&
m300 - d
EH

3]

=400 } ]
z 0
500 F ;
&
mGOO i 1
f 4,
(]

700 4 Y N Y ] 4 3§

Figure 8.2 Mean conductivity versus depthfor

"Block" wvalues
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Figure 8.3 Regression curves of hydraulic conductivity versus
depth for the two tensional sets and the shear

fractures (See also eguations on page 37)
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9. CONCLUSIONS

A tectonic model within the Gided site have been constructed
based on a fracture mapping of the outcrops and by help of

an interpretation of the topography and lineaments. The model
has been refined by supplementary fracture measurements in the
near Gissijo hydropower tunnel. Former geophyvsical investiga-

tions, slingram and magnetic anomalies, verify the model.

The following main directions have been found for the almost

vertical fracture planes:

N-S Tension T1
E-W Tension T2
N30°E Shear
N60°CW Shear

A lot of water injection tests have earlier been performed in
core drilling holes within the Gidea site. The test data have
been classified into tectonic elements. From a statistical
point of view it has been found that the latest developed
tension fractures, T2, in the east-westerly direction are
outstanding concerning the waterbearing conditions. The mean
conductivity value of the E-W tension fractures, at depths
>200 m, is about 30-80 times higher than those of the un-
deformed parts of the blocks, the N-S tension fractures and

the shearzones. (See figure 8.1.)

All samples generally show & decreasing conductivity versus
depth. The N-S fractures reduce by approximately one con-
ductivity decade per 100 m depth interval and the Blocks reduce
little more than that. The E-W tension fractures and the shear
zones reduce by about one third of a conductivity decade per

100 m. (See figure 8.2 and 8.3.)
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The vital importance of the tension fractures regarding the

permeability has also been verified by a statistical analysis

of well data. The specific capacities of 163 wells at the SGU

well archives have been statistically treated.

After evaluating the different fracture sets within the Gidea

site it is evident that the most feasable directions of a tunnel

system are N40°W or NBOCPE (see figure 4.3).

In order to further clarify the water leakage
and the inhomogenity in the bedrock one ought
terference tests. By such a pumping test the

the drawdown depression can be estimated more

to a tunnel system
to carry out in-
elliptical form of

accurate and the

main directions of underground constructions as well as a

localization can be more proper designed.
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APPENDIX 1

Wells within the topographic maps 18J NW, 193 NE, 20J SW
and 20J SE registered at the well archives, SGU



EXPLANATION OF ABBREVIATIONS IN WELL DATA LISTS

FORS

FAST

VMANGD

JORDDJ

TOTDJ

BA16

BDAT

iD

Code of administrative county, district and parish

Real estate.

Well yield in litres per hour. The yield is normally
determined in a simple way (short pumping period,
emptying by air-lift pumping or by floater). The
pumping time is usually only one or some hours. Within
the interval 0 - approx. 5 000 litres per hour the above
mentioned methods are assumed to give a proper value of
the well’s momentary capacity. Differences from the
true values can be considerable if the measured yield
exceed approx. 5 000 litres per hour, In that case the

momentary capacity usually is higher than the measured

value.
Soil depth beneath ground surface. The value can be
considered as relatively accurate. If there is a dis-

crepancy compared to real conditions the listed value

could be somewhat too high.

Total depth of well i metres. The information can be

treated as accurate.

Code of general rock type (see attached data list).
Date of drilling (year, month, day).

Well number. The first four figures (TOP) state the

code of topographic map in Sweden and the following

running figures belong to the wells of each map.



EKON

VXY

Figure code of economical map.

Coordinates.

Classification of well position accurancy on map in
theree classes (0, 1, 2).

0 means that the position on map differs less than 100
metres from the real position.

i1 means that the position on map differs less than 250
metres from the real position.

2 means that the position on map is uncertain.



ROCK TYPE OF AQUIFER

FD DOLORITE

HA REVSUNDS-FELLINGSBRO-STOCKHOLM GRANITE,
HC MIGMATITE

HF OLD GRANITE

HH SEDIMENTS, MAINLY GREYWACKES AND SCHISTS
HL SVIONIC LIMESTONE

HM SVIONIC GABBRO AND DIORITE

HX GENERAL SVIONIC ROCK TYPE

TECTONIC ELEMENT: CODE

TENSION FRACTURES AND

CROSS POINTS 1
SHEAR FRACTURES

BLOCKS

YOUNG GRANITE
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194 27 240102 AVA 5:i4 735424 seg Se 103. HEC a 7047R8AN 14T7AS2N 2
1524 28 240122 AVA 5329 780310 1000 «5 100 HC 0 7347700 1678 2
1994 29 240102 63 ROKMHOLM 1:° 781023 2400 4. -1, HC 5 2 7049120 1678730 3
1694 30 243101 JARNAS 1:32 301029 45D S5 60, HC il 7043200 1692500 3
1954 31 240122 JXPMAS 19:Z% 810429 750 Je 47 FO 0 704365C 15°45C0 1
1994 12 240162 JARMNAS 4:13 217427 400 1. 19. HC 2 T04860G0 16300%0 3
1994 33 240102 JReHLAS 3013 810527 1600 1.% 78 HC 4 7046670 1691120 2
1994 24 240102 JARMAS 1:50 ginzo2 12%¢ Se 10C. HC 288 0 7042850 1691550 3
2091 1 228413 &8 425 2o S0«0 HC 20920 2 TC€8700 16512C0 3
2091 2 228411 a7 120 e 64e4 HA 20911 2 7059000 15656500 3
2(¢91 3 228411 70 soc S5ef 103e40 HC 29912 2 7655970 16604C0 2
2691 5 228412 517128 1050¢C 1243 53«9 HC 20930 2 TCERTLO 1621200 3
20¢%1 6 240101 68 135¢ Re5 85.0 HA 20934 2 7066100 1873100 3
2t°1 7 240101 STAVSJUTHOLM 1:20 761123 1c00 Ge 40, HA 20934 2 7066100 1573100 3
2Cel 8 240102 0QRRPCLE NR 2 TENS14 400 18, 63, HC 20944 2 7073030 16735C0 1
20951 9 228411 679SSJY FLARKE 4:2n T70927 324 Ge 100. HF 29912 0 7057160 16632<0 3
2091 1C 228411 FLAFKE 4:¢91 770309 eoesces G Ele HH 20913 0 7057500 1667340 -
2091 il 228411 FLERKE 4:66 776303 600 15, 52. HC 20912 0 7356050 1661040 1
2091 12 228411 LINGVIKEN 1342 Telr1ll 1500 14, g4, HH 20932 ¢ 7066260 1661690 2
2091 13 228413 LEMESJT 1:107 770729 300 12, 40 HH- 29921 0 7066810 1657640 3
2091 14 228413 KARLSVIKEM 1:74 770804 580 Z2. 9. HF 20930 1 7068830 165217¢C 3
2091 17 2401¢2 CREBULE 2:3S 780504 3n0 1e5 120, HC 20944 0 7074300 15472550 2
2091 18 240101 CRFROLD 1:R 780217 Ise 2e 43. HA 20944 0 7074823 167152¢C 1
2021 19 240102 MOPDNSJUD 1148 781718 70C 2. EL HC 20942 0 7673800 1650500 3
2091 20 2401C2 CRRBALE 1:3 780404 1200 Ce 43, HA 20944 2 7074750 1571000 1
2091 21 240142 oPRADLE 2:19 TRO428 20¢ 40, HC 20944 0 7074200 1672540 2
2091 22 240102 PESGSJC 117 1:18 780131 12¢0 Ce 40 HC 20923 0 7064520 1666360 1
2991 23 240102 VASTANSJE 107 780728 70 Go 100. HC 205961 0 737951 1656378 2
2091 24 240102 BEPGSJT 1:2% 780202 1400 6o 40. HC 20923 0 7063550 1667530 k}
2092 1 240102 RPERVIK 6114 2119 76GE27 156G 9. 75 HC 20907 2 7053300 168875 2
2092 2 240132 PACGGE®RC 6:1 T7122¢0 Isa 6o 82, HM 20225 2 7064300 1679000 2
2072 3 240107 61 7205 L 50 HA 29906 2 7CS52700 1481290 L]
2192 4 2401C2 T8 4140 148,43 4240 HC 2091¢ 2 TNS680C90 1584800 1
2692 5 2401¢2 70 2400 %6 63.0 HC 20918 2 TCEZEQO 16931100 1
2092 6 240152 £9 3z2eL  20.°% 76«0 HC 20918 2 7055500 1£331C0 1
2092 T 242ce7 70 430 1Z%.0 S0.C HC 20919 1 7053000 169€0C0 ]
2092 8 248007 73 1540 L 53.3 HC 20919 2 7n57030 169600 1
2.°2 S 243C¢7 7 480 Dyt £7.0 HC 2691 2 TCETO00 15©9530 1
2092 13 240102 64 ang 4e86 354 HA 20928 2 7363760 1677300 3
2092 11 2a01c2 =8 1000 100.0 HA 20928 2 7063700 1677300 3
2092 12 240102 £8 13C0 11.0 S0.0 HL 2092% 2 TC64200 1679000 3
2092 13 240102 €6 6030 Se8 703 HC 20928 2 78609720 1591800 3
209z 14 2401C2 66 3600 1S5.7 3841 HC 20928 2 T70€09CC 156°1R30 3
21352 15 7431C2 72 120 G4% 90.0 HC 20917 1 7067600 1589631 3
20%2 16 240102 72 170 18040 110.2 HC 20937 2 7067690 1689610 3
2052 17 248037 A8 [\ Ceo 90.0 HC 20949 2 7072080 1698300 -
2992 12 240102 16 en Jub 2441 HA 20906 1 7022700 1521300 3
2092 16 2431302 25 sna De 20.9 HA 209C6 1 76527920 1681300 3
2092 20 240107 15 200 4o 17. HA 20906 1 70E27C0 1681300 J
2092 21 2401¢2 8 14919 Ce 47, HA 209606 2 703000 14807730 i
2092 22 240102 b3 4573 Ge 11.9 HA 209ce 2 7053000 1680730 1
2092 23 240102 7 5700 6e3 40, HC 20916 2 7056800 1683400 1
2092 24 240102 7 600 Ze . HC 20916 2 7056800 1683400 1
2092 25 2640102 3 £400 62¢5 HC 29916 2 7056800 1683400 1
2rg2 c6 240102 l8 12009 e Te HC 2091¢ 2 7056000 168340C 2
2692 27 240162 47 72090 Se5 1.5 HC 20916 2 7056800 1683400 - 1
2032 28 240102 46 17862 let S5le&4 KC 210916 2 7656800 16834C0 1
2092 29 240102 531114 5500 1.8 107.8 HC 20916 2 7056800 1683400 1
2362 I3 240102 46 6500 Do 32.R HC 20916 2 T05€6800 1584800 1
21Q9 T San1Tnn " [ X N0 e n re Anma s ~ Tre s anm arnmnanan -




TOP SRNR FAOPS FAST PhAT VMANGD JUCRODJ TOTRJ BAls EKON VXY X Y Tect. element

2052 32 240192 46 ICN0 10.1 52+6 HC 200915 2 7656800 1£84800 1
2092 33 240132 521107 1200 12.0 5580 HZ 2091¢ 2 T0568C0 1684800 1
2ne2 34 2401cC7 Sre8xg 4P00 21916 2 TCS6820 16848nNQ0 -
2032 i4 240102 Sf0R30 4800 HC 2091¢e 2 7356800 1684800 -
22 3% 240102 48 5550 1.2 S6.0 HC 20918 2 7027800 1680700 3
2032 X6 240102 N 3000 20.%3 90.0 FKC 20913 1 TNE6530 15937¢0 1
2092 17 248007 6 120 Eett 23.8 HC 20919 2 7057000 1699600 1
2c92 38 248007 45 55¢¢ lef 31«3 HC 20919 2 7057000 1699600 1
2092 29 248007 46 inoce Tes 46¢1 HC 20919 2 707000 1699600 1
2632 40 2480C7 56 o 2e% 1345 HC 29919 2 7357000 1£996°0 1
2002 41 2420007 4B 22¢ 2.5 35.0 HC 20919 2 7057000 169600 1
2092 42 240007 a8 3 O 90.0 HC 20949 2 7872280 1€£58050 -
2092 43 240102 LOGDER 8:51 7709132 i 1. 11, HA 20905 2 7053800 1678200 -
2092 44 248007 MCRROYHR 1:8% 770712 8cgo 4 150. HC 20919 2 7C56%900 16°9620 1
2092 45 24C102 BAGGRPD 2:1¢ . 760413 a6t e 68 HM 20925 2 7063700 16773%¢C 3
2092 46 240102 BAGSGR2PD 1:21 760406 729 3. 58, HM 20925 2 706379C 1677370 3
2072 47 2640102 RASGPTD 1327 TEN92¢4 757 18, S1. HM 20925 2 7083750 1677300 3
2292 48 240102 LEDUSJE 411 760408 500 12. 100. HM 2092¢ 2 7C63300 1679100 3
2062 49 240101 LEYGED NR S P FCRSHERG 761112 1560 15. S8, HC 209z2r 2 7060800 1621800 3
23922 50 240102 LENGED 2121 745408 200C 24, B2 HC 20828 2 7660830 1£€91800 3
2692 51 240102 FJUUPSUT 3:3% 760503 200 Sa 100. HC 20938 2 7068270 1679700 2
20%2 52 240102 DJUPSJN EB11 TA2503 700 12. 100, HC 20935 2 7068200 1679700 2
20192 83 2401032 DJUUPSJT 1:14 760428 &cc 12, 112. HC 209z2% 2 T0EB290 1679790 2
20s2 54 240101 DJUPSJYL 2:22 761129 61 3 €le. HC 2093% 2 7068200 16797C0 2
2052 55 242102 LEVAP Z:i1r 780209 100 Ze HC 20207 1 7052580 1686520 2
2c<2 56 240102 =3I¥NAT 53174 721702 2coe 4 63, HC 20909 g 7084610 1697320 1
2022 57 2401C2 DCUPSJG 2:2 783213 2000 0. 47 HC 20935 ¢ 7067390 1679730 3
2952 59 240102 PAGGRMD 2:1= 7310086 700 2. l100. HC 20925 0 TCe4660 1678730 3
2292 62 24R0CT7 ANGENRSJN 781205 2000 Oe S3. HA 20229 2 7063650 1697250 1
2952 €3 248007 STpRYN 731 780502 3ngn 2e 55, HC 20915 0o 7055050 1696020 1
21792 64 2401C2 LEIDUSJE 1:° Bo0217 5340 13, 13. 20928 2 77€3300 1679150 -
2092 65 240102 TUNNANSJYE Z:iig 8004190 2500 a, 40, HA 2€92% ¢ 7063720 167722¢C 3
2092 66 24C1C01 SUNMANSJL 1:43 &nices =20 SaR 100, HA 20925 0 TCE4080 1677450 1
2192 67 246007 MCREBVM 1:34 £10312 500 27 St EC 20919 1 7036850 1699400 1
2082 €8 240101 BAGGRPD 1:19 801C28 1735 25 52. HX 20925 2 7064300 1679050 3

155 RQU(S) FCUND



APPENDIX 2

Plotted distribution of Specific capacity



PROBABILITY OF HAVING LESS THAN VALUE
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PROBABILITY OF HAVING LESS THAN VALUE

SHEAR FRACTURES
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PROBABILITY OF HAVING LESS THAN VALUE

TENSION FRACTURES AND CROSSPOINTS

A23
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PROBABILITY OF HAVING LESS THAN VALUE

UNDISTURBED BLOCKS
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PROBABILITY OF HAVING LESS THAN VALUE
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PROBABILITY OF HAVING LESS THAN VALUE

YOUNG GRANITE

A26

99.99
99,95
/ 5
99.9 m
.t ——— - — g — — ——— e —— T
" -
99.5 /
99 E
| / :
0 e e Y
97 % 1
95 /
s X
90 F
S R ox) |9
. ] S
80 E o
70
60 E -
50 £
o |
30 E [)
20 E 5
1 e —_ ] - —
: o
10 ;;/
5 |
" X / —
3 E A (?4
2 — e —— — — — —— ——— — — e —— — — — ——— —— — — — e S -—!xJ
F / S
1 & /
05 MEAN VALUE (LOG) 119
- / STANDARD DEVIATION (LOG) .41 =
S | __ SKEWNESS =7 e
01 | %
1k 6
0.05 F
/// Litres/hour,m )
0.01
1 10 100 1000



PROBABILITY OF HAVING LESS THAN VALUE
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PROBABILITY OF HAVING LESS THAN VALUE

OLD GRANITE
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PROBABILITY OF HAVING LESS THAN VALUE

YOUNG AND OLD GRANITE

A29
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PROBABILITY OF HAVING LESS THAN VALUE

MIGMATITE EAST
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PROBABILITY OF HAVING LESS THAN VALUE

MIGMATITE WEST
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APPENDIX 3

Hydraulic conductivity values from the injection tests

and classification



TECTONIC ELEMENTS CODE

TENSION N-S T1 T1
TENSION E-W T2 T2
SHEAR FRACTURES S

UNDEFORMED PARTS OF BLOCKS



APPENDIX 3
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Table Core drilling Gi 1, Hydraulic Conductivity (K)

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section (m) K (m/s)

10 - 35 22.5 2.2 x 1077 B 185 - 190 u.m,

35 - 60 47.5 1.1 x 1077 B 190 - 195 3.3 x 1077
60 - 85 72.5 3.2 x 1078 B 195 - 200 u.m.

85 - 110 87.5 wu.m. B 200 - 205 u.m.

110 - 135 122.5 1.7 x 10711 B 205 - 210 u.m,

135 - 160 147.5 1.6 x 10710 B

160 - 185 172.5 8.6 x 10710 B 275 - 280 .9 x 1077
185 - 210 197.5 1.3 x 1077 B 280 - 285 .m.
210 - 235 222.5 wu.m. B
235 - 260 247.5 3.6 x 1078 B 385 - 390 u.m.
260 - 285 272.5 2.1 x 1078 B 390 - 395 u.m,
285 - 310 297.5 1.4 19-11 B
310 - 335 322.5 u.m. B 460 - 465 u.m.
335 - 360 347.5 u.m. B 465 - 470 u.m.
360 - 385 372.5 u.m. B
385 - 410 397.5 u.m. B 500 - 505 5.6 x 10710
410 - 435 422.5 u.m. B 505 - 510 u.m.
435 - 460 447 .5 u.m, B
460 - 485 472.5 u.m. B u.m. & 5.0 x 10711
485 - 510 497.5 1.6 x 10-10 B
510 - 535 522.5 wu.m, B
535 - 560 547.5 3.0 x 10°11 B
560 - 585 572.5 u.m. B
585 - 610 587.5 wu.m. B
610 - 635 622.5 u.m. B
635 - 660 647.5 wu.m. B
660 - 685 672.5 u.m. B

1

u.m. < 1.0 x 1071

u.m. = less or equal to limitation of equipment
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Table Core drilling Gi 2 Hydraulic Conductivity (K)

25 m and 10 m sealed off sections

Section (m) Depth K {(m/s) Code Section (m) K (m/s)
33 - 58 39.4 5.6 x 1078 B 87.5- 97.5 1.3 x 1076
58 - 83 61.1 3.9 x 1078 B 97.5-107.5 2.5 x 1076
83 - 108 82.7 1.6 x 1076 B 175-185 2.8 x 1077
108 - 133 104.3 1.6 x 1078 B 210-220 8.1 x 1077
133 - 158 126.0 7.1 x 10710 71 220-230 6.5 x 1077
158 - 183  147.6 1.3 x 1077 B 317.5-327.5 3.1 x 1011
181 - 206 167.6 1.1 x 1077 B 327.5-337.5 1.6 x 10710
206 - 231 189.2 1.1 x 1076 T2 395-405 (2.8 x 10°10)
231 - 256 210.9 8.7 x 1078 T2 410-420 (2.3 x 10710)
256 - 281  232.5 1.2 x 1077 T2
281 - 306 254.2 1.1 x 1079 T2 (K prel.)
303 - 328 273.2 5.9 x 10”10 T2
328 - 353 294.9 8.6 x 10”11 B
353 - 378 316.5 8.6 x 10”11 B
378 - 403 338.2 1.0 x 10710 B
403 - 428 360.0 1.2 x 1078 B
428 - 453 381.5 8.8 x 10711 B
453 - 478 403.1 2.6 x 10711 B
478 - 503 424.8 3.1 x 10710 11
503 - 528 446.4 8.6 x 10710 1%
528 - 553 468.1 2.1 x 10711 T
553 - 578 489.7 4.2 x 10”11
578 - 603 511.4 2.0 x 1011 B
603 - 628 533.0 4.5 x 10711 B
628 - 653 554.7 1.1 x 10”11 B
653 - 678 576.4 4.6 x 10712 B



APPENDIX 3
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Table Core drilling Gi 3 Hydraulic Conductivity (KD

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section (m) K (m/s?
10 -~ 35 19.5 2.1 x 1077 T2 185 - 190 1.6 x 1078
35 - 60 41.2 7.8 x 1078 s 223 - 228 u.m.
60 - 85 62.8 2.0 x 1077 T2 360 - 365 2.6 x 10712
85 - 110 84.4 1.1 x 1078 S 365 - 370 2.9 x 10°11
110 - 135 106.1 5.5 x 1079 S 370 - 375 u.m.
135 - 160 127.7 8.8 x 1079 B 375 - 380 2.6 x 1078
160 - 185 149.4 7.9 x 1011 B 380 - 385 u.m.
185 - 210 171.0 2.3 x 10710 B
210 - 235 192.7 7.6 x 10”11 B u.m. & 2.5 x 10711
235 - 260 214.3 3.2 x 10710 B
260 - 285 236.0 2.2 x 1078 B
285 - 310 257.6 1.4 x 10°11 B
310 - 335 279.3 1.2 x 10711 B
335 - 360 300.9 2.5 x 10-11 B
360 - 385 322.6 4.1 x 10°10 B
385 - 410 344.2 u.m. T2
410 - 435 365.9 u.m. T2
435 - 460 387.5 wu.m. B
460 - 485 409.2 4.0 x 1078 B
485 - 510 430.8 9.8 x 1078 B
510 - 535 452.5 3.4 x 1079 T1
535 - 560 474.1 u.m, T1
560 - 585 495.8 u.m. T1
585 - 610 517.5 1.2 x 1078 T2
610 - 635 539.2 1.3 x 1079 T2
635 - 660 560.8 wu.m. B
660 - 685 582.5 1.0 x 10710 B
u.m. ¢ 5.0 x 10712

N

u.m, = less or equal to limitation of eguipment
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Table Core drilling Gi4 Hydraulic Conductivity (K)

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section (m)> K (m/s)

20 - 45 36.5 2.02 x 10°8 B 220 - 225 1.0 x 1078
45 - 70 54.0 1.41 x 1076 B 225 - 230 6.6 x 10°10
70 - 85 77.5 2.99 x 10-10 B 240 - 245 1.5 x 1079
95 - 120 101.0 4.35 x 1078 B 245 - 250 1.1 x 1076
120 - 145 124.5 1.83 x 1079 B 250 - 255 3.8 x 10711
145 - 170 148.0 1.64 x 1078 ° T2

170 - 195 171.5 1.91 x 1079 T2 400 - 405 u.m,

195 - 225 194.9 1.96 x 10711 B 405 - 410 1.2 x 1078
220 - 245 218.5 2.08 x 1078 B 403 - 408 u.m,

245 - 270 241.8 5.77 x 1079 B

270 - 295 265.5 4.22 x 10”11 T4 u.m.& 2.5 x 10°11
295 - 320 288.9 u.m. T1

320 - 345 312.4 u.m. T1

345 - 370 335.8 u.m. B

370 - 3895 359.4 u.m. B

395 - 420 382.9 2.28 x 1079 B

420 - 445 406.4 u.m. B

445 - 470 429.9 wu.m. B

470 - 495 453.4 u.m. B

495 - 520 476.8 9.46 x 1012 B

520 - 545 500.4 3.16 x 10”11 B

545 - 570 523.8 1.1 108 B

570 - 595 547.4 u.m. B

595 - 620 570.9 3.88 x 10”11 s

620 - 645 584.7 1.7 x 10”11 s

645 - 670 617.8 1.04 x 10°10 B

u.m. { 5.0 x 10712

u.m. = less or equal to limitation of equipment
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Table Core drilling Gi 5 Hydraulic Conductivity (K>

25 and 10 m sealed off sections

Section (m) Depth K (m/s) Code Section (m) K (m/s)

20 - 45 28.1 2.74 x 1077 B 225 - 235 9.31 x 10°6
45 - 70 49.8 1.97 x 10°7 B 235 - 245 4.49 x 1079
70 - 95 71.4 7.71 x 1078 B

95 - 120 93.1 9.02 x 10°7 B 250 - 260 1.80 x 1077
120 - 145 114.7 5.68 x 1076 T1 290 - 300 3.04 x10°10
145 - 170 136.4 4.78 x 1076 1 320 - 330 1.70 x 10~8
170 - 195 158.0 1.65 x 1077 B 335 - 345 2.3 x10°10
195 - 220 179.7 1.09 x 10°10 B

220 - 245 201.3 2.33 x 1076 T2 530 - 540 1.42 x10-11
245 - 270 222.9 1.02 x 1077 B 540 - 550 u.m.

270 - 295 244.6 2.2 x 10711 B

295 - 320 266.3 4.34 x 10710 B u.m. 1.3 x 10-11
320 - 345 287.9 1.13 x 10-8 B

345 - 370 309.6 2.08 x 10”10 B

370 - 395 331.2 1.60 x 10”11 B

395 - 420 352.9 2.56 x 10711 T% 520 - 702 1.41 x10712
420 - 445 374.5 2.85 x 10711 T4

445 - 470 396.2 u.m. T2

470 - 495 417.8 u.m. B

495 - 520  439.5 u.m. B

515 - 540 465.8 2.34 x 10”11 B

u.m. ¢ 5.0 x 1012

u.m, = less or equal to limitation of eguipment
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Table Core drilling Gi 6 Hydraulic Conductivity (KD

25 m sealed off sections

Section (m) Depth K (m/s) Code
10 - 35 19.5 1.94 x 1078 B
35 - 60 41.2 9.59 x 1078 B
60 - 85 62.7 7.89 x 1078 B
85 - 110 84.4 u.m. B

1106 - 135 106.1 6.39 x 1078 B

135 - 160 127.7 1.80 x 1077 T1

160 - 185 149.4 1.59 x 10710 T4

185 - 210 171.0 u.m T2

210 - 235 192.7 u.m. T2

235 - 260 214.3 u.m. B

260 - 285 236.6 u.m. B

285 - 310 257.6 u.m. B

310 - 335 279.3 u.m. B

335 - 360 300.8 u.m. B

360 - 385 322.6 u.m. T2

385 - 410 344.2 u.m, T2

410 - 435 365.9 u.m. T2

435 - 460 387.2 4.01 x 10”11 B

460 - 485 409.2 u.m. B

485 - 510 430.8 1.07 x 10-11 s

510 - 535 452.5 u.m, S

535 - 560 474.1 u.m. B

560 - 585  485.8 u.m, B

585 - 610 517.5 1.06 x 10”11 T1

610 - 635 539.2 u.m. B

635 - 660 560.8 1.44 x 10”11 B

um. ¢ 1.0 x 10711

u.m. = less or egqual to limitation of egquipment
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Table Core drilling Gi 7 Hydraulic Conductivity (K)

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code _Section (m) K (m/s)
10 - 35 19.5 1.43 x 10~7 B 210 - 215 5.19 x10-10
35 - 60 41.2 9.51 x 1078 B 225 - 230 1.84 x 1077
60 - 85 62.2 9.2t x 1079 B 230 - 235 2.6 x 1078
85 - 110 84.4 4.82 x 1079 B 235 - 240 9.70 x 1079
110 - 135 106.1 1.29 x 1079 B 335 - 340 7.48 x10-11
135 - 160 127.7 4.69 x 1076 B 345 - 350 1.13 x 10°89
160 - 185 149.4 5.40 x 16~7 B 350 - 355 1.9 x10712
185 - 210 171.0 1.75 x 10”10 B 460 - 465 1.74 x10-10
210 - 235 182.7 2.86 x 1078 B 570 - 575 u.m.
235 - 260 214.3 7.73 x 1079 B 580 - 585 1.53 x 1078
260 - 285 236.6 1.15 x 1079 B 595 - 600 u.m.
285 - 310 257.6 2.27 x 10”11 B
310 - 335 279.3 4.86 x 10711 B u.m. ¢ 2.5 x 10711
335 - 360 300.9 1.94 x 1079 T2
360 - 385 322.6 1.08 x 10711 T2
385 - 410 344.2 7.54 x 10712 T2
410 - 435 365.9 5.47 x 10712 B
435 - 460 387.2 7.75 x 10”10 B
460 - 485 409.2 4.75 x 10710 B
485 - 510 430.8 4.70 x 10712 B
510 - 535 452.5 6.37 x 10712 B
535 - 560 474.1 u.m, B
560 - 585 495.2 4.76 x 1079 T2
585 - 610 517.5 5.98 x 1079 T2
610 - 635 539.2 u.m, B
635 - 660 560.8 1.02 x 10”11 B
660 - 685 582.5 u.m.
u.m. { 5.0 x 10712

u.m. = less or equal to limitation of equipment
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Table Core drilling Gi 8 Hydraulic Conductivity (KD

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section (m) K (m/s)

20 - 45 28.7 3.18 x 1078 B 325 - 330 1.21 x 1078
45 - 70 50.8 7.36 x 10710 B 330 - 335 2.50 x 1079
70 - 95 72.8 1.10 x 10710 s 335 - 340 1.11 x10-10
95 - 120 94.9 7.39 x 10711 s 340 - 345 1.22 x10710
120 - 145 116.9 6.48 x 10”11 B 345 - 350 5.51 x10710
145 - 170 139.0 1.48 x 1079 B 420 - 425 1.15 x 1078
170 - 195 161.1 6.00 x 1078 B 425 - 430 1.88 x 107S
195 - 220 183.2 4.86 x 1079 B 430 - 435 5.64 x 1079
220 - 245 205.3 u.m. T1 450 - 455 u.m.
245 - 270 227.4 u.m. Ti 455 - 460 u.m.

270 - 295 249.4 1.45 x 10”11 B 570 - 575 u.m.
295 - 320  271.5 4.10 x 10711 B 620 - 625 u.m.

320 - 345  293.6 1.42 x 1078 T2

345 - 370 315.7 7.17 x 10”11 B u.m. ¢ 2.5 x 10711
370 - 395 337.7 2.90 x 10711

395 - 420 359.8 2.25 x 10”11

420 - 445 381.8 2.27 x 1079 Ti

445 - 470 403.9 3.47 x 10710 T2

470 - 495 426.0 u.m. T2

495 - 520 448.1 u.m. B

520 - 545 470.2  u.m. B

545 - 570 492.2 5.38 x 10712 B

570 - 595 514.3  u.m, B

595 - 620 536.4 u.m. T1

620 - 645 558.5 u.m. B

645 - 670 580.5 u.m. B

670 - 695 602.6 u.m. B

u.m, 5.0 x 10-12

N

u.m. = less or equal to limitation of equipment
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Table Core drilling Gi 10 Hydraulic conductivity (K)

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section K (m/s)
20 - 45 29.5 8.40 x 1078 11 135 - 140 1.99 x10-10
45 - 70 52.2 1.14 x 1078 B 285 - 290 1.89 x1077
70 - 85 74.8 1.01 x 1078 B 280 - 295 u.m.
895 - 120 97.5 2.10 x 1076 B
120 - 145 120.1 1.02 x 1079 B 470 - 475 9.61 x10-11
145 - 170 142.8 3.46 x 1079 B 475 - 480 4.00 x10711
170 - 195 165.4 1.48 x 19-11 B 480 - 485 6.42 x10-10
195 - 220 188.1 5.99 x 10”11 B 485 - 490 4.23 x10°11
220 - 245 210.8 1.64 x 10-10 s 490 - 495 u.m,
245 - 270 233.4 u.m. s
270 - 295 256.1 2.11 x 1078 s 500 - 505 1.07 %1078
295 - 320 278.7 u.m. B
320 - 345 301.4 3.50 x 10”11 B
345 - 370 324.1 5.12 x 1079 B u.m. { 2.5 x 10”11
370 - 395 346.7 3.85 x 10-10 B
385 - 420 369 .4 u.m, B Single packer
420 - 445 392.0 u.m. B 595 - 702 2.86 x10-11
445 - 470 414.7 8.26 x 10”12 T4
470 - 495 437.3 3.75 x 1078 T2
495 - 520 460.0 2.50 x 10-10 T2
520 - 545 482.6 u.m. B
545 - 570 505.3 u.m. B
570 - 595 528.0 3.09 x 10”11 B
595 - 620 550.6 u.m. B
620 - 645 573.3 u.m. S
645 - 670 595.9  u.m. B
670 - 695 618.6 u.m. B

u.m. ¢ 5.0 x 10712

u.m. = less or equal to limitation of equipment
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Table Core drilling Gi 11 Hydraulic conductivity (K)

25 and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section (m)> K (m/s)
20 - 45 29.5 7.28 x 1079 B 225 - 230 1.26x107 9%
45 - 70 52.2 2.37 x 1079% B 230 - 235 1.22x10° 9%
70 - 85 74.8 1.98 x 1077 B 235 - 240 3.89x10°10
95 - 120 97.5 2.3 x 1079 B 240 - 245 3.49x10°9
120 - 145 120.1 1.36 x 10710x B 245 - 250 9.24x10°8
145 - 170 142.8 1.45 x 10710 B 250 - 255 3.40x10-10
170 - 195 165.4 6.10 x 10711x B 270 - 275 8.16x10"11
195 - 220 188.1 4.92 x 10”11 B 320 - 325 u.m,
220 - 245 210.8 7.97 x 1010 B 325 - 330 8.30x10"8
245 - 270 233.4 1.81 x 1078 B 330 - 335 u.m.
270 - 295  256.1 1.52 x 1079 B 440 - 445 7.31x107 9%
295 - 320 278.7 4.79 x 10”12 B
320 - 345 301.4 1.03 x 1078 T2
345 - 370 324.1 1.83 x 107 11x
370 - 395 346,7 2.63 x 10711 s u.m. ¢ 2.5 x10-11
395 - 420 369.4 5.41 x 10712
420 - 445 392.0 1.68 x 1078 T2
445 - 470 414.7 u.m. B
470 - 495 437.3 6.57 x 10”11 B
495 - 520 460.0 6.88 x 10"1lx B
520 - 545 482.6 2.94 x 10”11 B
545 - 570 505.3 u.m B
570 - 595 528.0 u.m. B
595 - 620 550.6 u.m. B
620 - 645 573.3 2.65 x 1010 B
645 - 670 595.9  u.m. B
670 - 695 618.6 u.m. S

u.m. & 5.0 x 10712
u.m. = less or equal to limitation of equipment

* Calculated according to Banks with constant of Moyes
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Table Core drilling Gi 13 Hydraulic Conductivity (K)

25 m and 5 m sealed off sections

Section (m) Depth K (m/s) Code Section (m) K (m/s)
15 - 40 24.1  9.85 x 1077 B 240 - 245 u.m.
40 - 65 49.9 1.70 x 10”7 B 245 - 250 4,18 x10°9
65 - 90 67.8 6.50 x 1077 T1 250 - 255 3.32 x10°9
90 - 115 89.6 1.6 x 1075 T1 265 - 270 4.97 x10°7
115 - 140 111.5 2.56 x 10°7 B 275 - 280 7.24 x1077
140 - 165 133.4 6.82 x 10”9 B 280 - 285 9.60 x1077
165 - 190 155.2 4.60 x 10-1! B 515 - 520 2.15 x10" 7%
190 - 215 177.1 3.57 x 10”11 B 525 - 530 1.83 x107 7%
215 - 240 188.9 1.23 x 10-11 B 535 - 540 7.17x10"10x
240 - 265 220.8 2.85 x 1079 T2
265 - 290 242.7 1.42 x 1078 T1 u.m. ¢ 2.5 x 10711
290 - 315 264.6 1.36 x 10”11 B
315 - 340 286.4 1.30 x 10°11 B
340 - 365 308.3 1.24 x 10”11 B
365 - 390 330.2 1.19 x 10”11 B
390 - 415 352.0 7.69 x 10”12 B
415 - 440 373.0 2.54 x 10”11 B
440 - 465 395.8 2.24 x 10”9 T2
465 - 490 417.6 2.10 x to0~11
490 - 515 439.5 7.11 x 10712 B
515 - 540 461.4 1.05 x 10~7 T2
540 - 565 483.2 u.m, B
565 - 590 505.1 u.m. B
580 - 615 526.9 u.m B
615 - 640 548.8 1.47 x 10~10x B
640 - 665 570.7 u.m. B
665 - 690 592.6 u.m. B
u.m. ¢ 5.0 x 10”12
u.m. = less or equal to limitation of equipment

* Calculated according to Banks with constant of Moves
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Dips of inclined fractures
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128 Fractures correspond to radius
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. j
3
A

DIPROSE
1099 Fractures

498 Fractures correspond to radius

4194 Fractures
387 Fractures correspond to maximum peak
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1197 Fractures
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DIPROSE

601 Fractures
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